e quantitative analysis of multicomponents by the single-marker (QAMS) method was established and the relationship between F value (the ratio of the sum of the contents of emodin-8-O-β-D-glucopyranoside and physcion-8-O-β-D-glucopyranoside to the sum of the contents of emodin and physcion) and the steaming time was found to identify and differentiate Polygonum multiflorum Radix and its processed product. Emodin was considered as the control substance, and the correction factors of physcion, emodin-8-O-β-D-glucopyranoside, and physcion-8-O-β-D-glucopyranoside were computed. In addition, the contents of the four components were determined. When the F value is greater than or equal to 1.0, the sample was identified as Polygonum multiflorum Radix, and if the F value was between 0.6 and 1.0, the sample of Polygoni multiflori Radix Preaparata was processed incompletely. e F value of the qualified Radix Polygonum multiflorum should be no more than 0.6. However, the influence of different sample injection volumes and the chromatographic columns and instruments used on the durability of the correction factors and RSD ≤3% hindered accurate identification; therefore, a QAMS method using an external standard value with methodological verification was developed. We redefined the "Polygonum multiflorum rules." e method using "Polygonum multiflorum rules" revised after optimization of the determination results was used, as it was accurate and led to convenient operation and low inspection costs, and moreover, the method could differentiate Polygoni multiflori Radix Preaparata and Polygonum multiflorum Radix medicinal samples and precisely identify samples that were different from the completely processed product Polygoni multiflori Radix Preaparata.
Introduction
e processed product of Polygonum multiflorum Radix, Polygoni multiflori Radix Preaparata, has several beneficial effects: it nourishes the liver and kidneys, improves blood parameters, strengthens bones and muscles, resolves dampness, and reduces fat content. Polygonum multiflorum Radix is known to have detoxifying, carbuncle elimination, malaria prevention, and bowel relaxation effects [1] . e clinical applications of Polygonum multiflorum Radix were first recorded in the Book of Polygonum multiflorum written by Li during the reign of the Tang dynasty. Polygonum multiflorum Radix is sweet and warm and has no toxic effects; it is used to treat anal hemorrhoids and invertebrate diseases of the waist and abdomen, as well as to eliminate colds and promote rib growth. It boosts essence and fertility, enhances appetite, improves physical strength, and revives the skin to delay senescence [2] . Polygonum multiflorum Radix has completely different efficacy from that of Polygoni multiflori Radix Preaparata. Polygoni multiflori Radix Preaparata has been clinically used in large quantities as a bulk traditional Chinese medicine, and previous studies have reported on its serious adverse effects such as hepatotoxicity [3] [4] [5] [6] . Some studies have shown that the hepatotoxicity caused by Polygonum multiflorum may be related to the toxic components present in it, the processing technology used for extraction, and defects in hepatic enzymes or genes in patients [7] [8] [9] [10] . Among 42 studies on these herbs, 19 do not mention the toxicity of Polygonum multiflorum, 20 indicate that it is nontoxic, and 3 have recorded its toxicity. Ancient books have described the plantation, harvest, processing, compatibility, and prohibition of consumption of Polygonum multiflorum Radix in detail, and most of the previous studies suggest that the processing method used may affect the efficacy or safety of Polygonum multiflorum Radix [11] . "Steaming and drying in the sun nine times" ( e "nine times" means "long time") is used to process traditional Chinese medicines such as Polygonum multiflorum Radix, Rehmannia, and Polygonatum sibiricum.
At present, some Chinese medicinal enterprises have simplified Polygonum multiflorum Radix processing technologies to reduce the cost, and modern pharmacological experiments have found that the damaging effects of Polygoni multiflori Radix Preaparata on the mouse liver are significantly lower than those caused by raw Polygonum multiflorum Radix; this indicates that processing can effectively reduce the hepatotoxicity of Polygonum multiflorum Radix [12] [13] [14] [15] [16] . Experiments showed that the crude sample had higher hepatoxicity than Polygoni multiflori Radix Preaparata which was processed by the same batch of Polygonum multiflorum Radix according to the process specifications. However, there were 14 batches of Polygoni multiflori Radix Preaparata samples which bought from the market had the same or even higher injury effect than the control of Polygonum multiflorum Radix, reflecting that the unqualified Polygoni multiflori Radix Preaparata which were not processed completely can not effectively reduce the hepatotoxicity of Polygonum multiflorum Radix [12] . Information from the Chinese National Knowledge Infrastructure database has reported 686 adverse events of hepatoxicity in the last five years. erefore, it is necessary to establish a modern method to determine whether Polygoni multiflori Radix Preaparata is completely processed to eliminate toxic effects.
Previous studies have analyzed the quality of Polygonum multiflorum Radix based on the relationship among 2,3,5,4′-tetrahydroxy diphenyl ethylene-2-O-β-glucoside, combined anthraquinones, and calcium oxalate [17] by determining the contents of glucosides and combined anthraquinones in Polygonum multiflorum Radix using HPLC-DAD [18] ; determining the contents of 2,3,5,4′-tetrahydroxy diphenyl ethylene-2-O-β-glucoside, emodin, and emodin monemethyl ether in Polygonum multiflorum Radix and its residues using HPLC [19] ; determining the contents of five anthraquinones, aloe-emodine, rheine, emodine, chrysophanol, and physcione in Polygonum multiflorum using HPLC [20] ; determining the contents of four phenols, gallic acid, trans-2,3,5,4′-tetrahydroxystilbene-2-O-β-D-glucopyranoside, emodin, and emodin-8-O-β-D-glucopyranoside in Polygonum multiflorum and its processed form using UHPLC-MS/MS [21] ; determining the contents of 2,3,5,4′-tetrahydroxystilbene-2-O-β-D-glucoside, emodin-8-O-β-Dglucoside, emodine, and physcion using LC-VWD-MS, UPLC-PDA, and HPLC-PAD [22] [23] [24] comparing the compositions of Polygonum multiflorum unb. and Polygonum multiflorum Radix using UHPLC-Q-TOF-MS [25] ; and determining the 14 main components of Polygonum multiflorum Radix collected from different areas as well as the amounts of stibene glucosides, phenolic acids, flavones, and anthraquinones present in Polygonum multiflorum Radix using LC-MS/MS [26, 27] . One study showed that after processing of Polygonum multiflorum Radix, the contents of two anthraquinones, emodin-8-O-β-D-glucopyranoside and emodin monemethyl ether-8-O-β-D-glucopyranoside, were decreased in Polygoni multiflori Radix Preaparata, but the contents of emodin and emodin monemethyl ether increased [28] [29] [30] .
However, these methods of analysis could not establish an index to differentiate Polygonum multiflorum Radix from Polygoni multiflori Radix Preaparata based on compositional variation owing to many differences in the medicinal material obtained from different production areas. e compositional content is involved by the geographical environment; the Polygonum multiflorum Radix samples may also meet the content standard of Polygoni multiflori Radix Preaparata sometimes. It is irrational to evaluate the quality of Polygoni multiflori Radix Preaparata through absolute values. In this study, we steamed 6 batches of Polygonum multiflorum Radix for different time periods to observe the variation of F values and to find the F values when the samples were processed completely and then the samples of Polygoni multiflori Radix Preaparata from the market were evaluated through F values to judge whether they had been processed completely.
e authors of the present study undertook a special quality analysis project of the Chinese herbal medicine Polygoni multiflori Radix Preaparata (Polygonum multiflorum Radix) in the Food and Drug Administration in 2015 and put forward "Polygonum multiflorum rules" for the first time in the report titled "Quality Analysis of Polygonum multiflorum Radix" in 2016 [31] , which was used to differentiate Polygoni multiflori Radix Preaparata from Polygonum multiflorum Radix. However, as four control components, i.e., edomin-8-O-β-D-glucopyranoside, physcion-8-O-β-D-glucopyranoside, emodin, and physcion, were used, the identification method incurred high costs and had complicated operations. Furthermore, "Polygonum multiflorum rules" cannot judge whether the Polygoni multiflori Radix Preaparata samples had been processed completely. erefore, the QAMS method was used to compute the contents of four anthraquinone components, and emodin was considered as the control. Importantly, this study established the method to differentiate Polygoni multiflori Radix Preaparata which had been processed completely and thus perfected the "Polygonum multiflorum rules." 
Instrumentation and Chromatographic Conditions.
e following instruments were used: BS224S electronic analytical balance (Sartorius, Germany) and BP211D electronic analytical balance (Sartorius, Germany); an AE 240 electronic analytical balance (Mettler Toledo, Switzerland); Shimadzu LC 2030 3D HPLC (Shimadzu, Japan); Empower chromatographic working station; and Waters e2695 HPLC (Waters, US).
Phenomenex C 18 bonded silica gel (Phenomenex C 18 , 250 mm × 4.6 mm, 5 μm) was used as the filling agent. e mobile phases included phase A, acetonitrile, and phase B, 0.1% phosphoric acid solution, under gradient elution. e change in the proportion of the mobile phases is shown in Table S1 .
e other chromatographic conditions were as follows: detection wavelength: 254 nm; flow velocity: 1.0 mL·min; column temperature: 35°C; and sample injection volume: 10 μL. e number of theoretical plates was at least 3,000 for emodin computation. e control samples and their HPLC chromatograms are presented in Figure 1 .
Preparation of the Control Sample Solutions.
In total, 10.08 mg of the physcion control sample was precisely weighed and placed in a 100-mL measuring flask. e sample was dissolved by adding methanol, with the volume maintained constant to the scale, and was then subjected to shaking and termed "No. 1 stock solution." Next, 7.20 mg of emodin-8-O-β-D-glucopyranoside and 9.92 mg of emodin monemethyl ether-8-O-β-D-glucopyranoside were placed in a 100-mL measuring flask, and then, the sample was dissolved by adding methanol; the volume was maintained constant to the scale, and then was subjected to shaking and termed "No. 2 stock solution." Subsequently, 1 mL of the No. 1 stock solution and 1 mL of the No. 2 stock solution were precisely weighed, placed in a 50-mL measuring flask, diluted by using methanol up to the scale, and shaken to obtain No. 1 control sample solution. en, 2 mL of the No. 1 stock solution and 2 mL of the No. 2 stock solution were precisely weighed, placed in a 50-mL measuring flask, and diluted by using methanol to the scale to obtain the No. 2 control sample solution. Furthermore, 2 mL of the No. 1 stock solution and 2 mL of the No. 2 stock solution were precisely weighed and placed in a 25-mL measuring flask, and the volume was maintained constant by using methanol and termed "No. 3 control sample solution."
en, 1 mL of the No. 1 stock solution and 1 mL of the No. 2 stock solution were placed in a 10-mL measuring flask, and the mixture was diluted to the scale to obtain No. 4 control sample solution. Additionally, 2 mL of the No. 1 stock solution and 2 mL of the No. 2 stock solution were placed in a 10-ml measuring flask, and the mixture was diluted to the scale to obtain No. 5 control sample solution; 2 mL of the No. 1 stock solution and 2 mL of the No. 2 stock solution were placed in a 5-mL measuring flask, and the mixture was diluted to the scale to obtain the No. 6 control sample solution. Next, 5 mL of the No. 1 stock solution and 5 mL of the No. 2 stock solution were placed in a 100 mL measuring flask, and the mixture was diluted to the scale to obtain the No. 7 control sample solution.
Preparation of Sample Solutions to Be
Tested. An appropriate amount of the samples to be tested was crushed and passed through a No. 4 screen (250 µm ± 9.9 µm). Next, 1 g of the sample powder was precisely weighed and placed in a conical flask with accurate addition of 50 mL of methanol, subjected to heating reflux for 1 h, and then cooled. Methanol was used to supplement for weight loss, and the filtrate obtained was considered as the sample for testing.
Method Validation

Linearity Range.
e prepared control sample solutions, 1, 2, 3, 4, 5, 6, and 7 (10 μL each), were used for liquid chromatography, based on the previously mentioned chromatographic conditions. e areas of the chromatographic peaks were recorded; the injection volume (X, μg) was considered as the X-coordinate, and the peak area (Y) was considered as the Y-coordinate to obtain standard curves. e No. 6 mixed control sample solution (10 μL) was precisely absorbed, and sample injection was implemented 6 times.
Stability Testing.
e same batch of Polygonum multiflorum Radix sample solutions were taken and subjected to chromatography at 0, 2, 4, 6, 12, 18, and 24 h.
Repeatability Test.
A sample of the same batch of Polygonum multiflorum Radix sample powder (1 g) was taken and divided into 6 parallel portions. Sample solutions were prepared based on the laws and average mass fractions of emodin, physcion, emodin-8-O-β-D-glucopyranoside, and physcion-8-O-β-D-glucopyranoside, which were 4.256, 1.502, 2.008, and 0.679 mg·g , and physcion-8-O-β-D-glucopyranoside 0.163 mg·mL − 1 ). e mixture was then divided into 6 parallel portions, and the solvent was evaporated to dryness. Preparation and determination were conducted according to the same method for samples to be tested, and the recoveries were computed.
Computation of Relative Correction Factors and Relative Retention Time (RRT).
In total, 10 μL of the No. 6 control sample solution was subjected to chromatography, with sample injection 3 times, and the areas of the chromatographic peaks and retention time were recorded. Emodin was considered as the internal standard, and the correction factors for physcion, emodin-8-O-β-D-glucopyranoside, and physcion-8-O-β-D-glucopyranoside were computed according to formula (1) , with their values of 1.09, 0.44, and 0.49, respectively. A k is the peak area of the internal standard substance, W k is the mass or concentration of the internal standard substance, A m is the peak area of the other components m, and W m is the mass or concentration of the other components m:
e retention time of emodin was considered as 1.00; the RRTs of physcion, emodin-8-O-β-D-glucopyranoside, and physcion-8-O-β-D-glucopyranoside were computed as 1.06, 0.47, and 0.60, respectively.
Investigation of the Durability of Correction Factors.
e influence of different sample injection volumes, different chromatographic columns, and different instruments used for correction factors was investigated.
Determination Method.
e sample to be tested and the control sample solution (10 μL each) were subjected to liquid chromatography, and the chromatograms were recorded. e peak area of the emodin control sample and contents of emodin monomethyl ether, emodin-8-O-β-D-glucopyranoside, and physcion-8-O-β-D-glucopyranoside were computed according to corresponding correction factors.
Comparison of the Determination Results Using QAMS and the External Standard Method.
Ten batches of the samples were taken and evaluated using the sample solutions prepared.
e external standard method and the QAMS method were used to compute contents and F values of emodin, physcion, emodin-8-O-β-D-glucopyranoside, and physcion-8-O-β-D-glucopyranoside in the test samples.
Results
Method Validation.
Four standard curves showed favorable linearity within the linearity range (Table S2) e areas of the chromatographic peaks were recorded, and RSD <1% indicated good instrument precision (Table S3 ). And RSDs of the intraprecision and interprecision for four different components were all lower than 1%. ese results showed that the development method has excellent precision.
At 0, 2, 4, 6, 12, 18, and 24 h, the peak areas were recorded, and RSD <2% indicated that the sample solution was stable under room temperature within 24 h (Table S4) .
Sample solutions were prepared based on the laws and average mass fractions of emodin, physcion, emodin-8-O-β-D-glucopyranoside, and physcion-8-O-β-D-glucopyranoside, which were 4.256, 1.502, 2.008, and 0.679 mg·g − 1 , respectively; the RSDs were 2.38%, 2.51%, 1.69%, and 2.28%, respectively, with favorable repeatability (Table S5 ).
e recovery rates of emodin, physcion, emodin-8-O-β-D-glucopyranoside, and physcion-8-O-β-D-glucopyranoside were 98.94%, 98.53%, 103.64%, and 106.80%, respectively, and the RSDs were 1.57%, 5.73%, 1.78%, and 3.21%, respectively, indicating accurate results (Tables S6∼S9).
Investigation of the Durability of Correction Factors.
e influence of different sample injection volumes, different chromatographic columns, and different instruments used for correction factors was investigated, and all RSDs were found to be less than 3% (Tables 1 and 2 ).
Results of RRTs.
e RRTs and the relative correction factors are presented in Table 3 , and their RRTs were within ±5% range of the stipulated value (if the deviation in the RRT exceeded 5%, then the corresponding control sample was substituted). (Table 4) .
Relationship between F Value and Steaming Time
Using the QAMS Method to Compute F Values.
Six batches of Polygonum multiflorum Radix samples were produced, and the QAMS method was used to compute F values in different steaming time periods (Table 5 , Figure 2 ). e F value is in direct relationship to the steaming time. e F values of 6 batches of Polygonum multiflorum Radix samples are between 1.0∼10.0; they all decreased to 0.6 and remained stable when we steamed the 6 batches of samples for 8 hours according to the process specifications. Combining the results of our research, the F values of the qualified Polygoni multiflori Radix Preaparata samples are no more than 0.6. When the value is more than 0.6, it is suggested that the steaming time is not enough, and the samples could have the property of the crude.
Application
Using the QAMS method, F values of 66 batches of Polygonum multiflorum Radix samples and 106 batches of Polygoni multiflori Radix Preaparata samples (Table 6) were computed and the quality of the Polygoni multiflori Radix Preaparata from the market ( Table 7) was evaluated. e F values of Polygonum multiflorum Radix samples were observed to judge whether the limitation (F ≥ 1.0) of the crude is reasonable. e established method (the F value of qualified Polygoni multiflori Radix Preaparata is no more than 0.6.) is used to analyze Polygoni multiflori Radix Preaparata samples of the market, and the qualified rate is 89.4%. e values of Polygonum multiflorum Radix are all greater than or equal to 1.0 which shows that the limitation of Polygonum multiflorum Radix (F ≥ 1.0) is reasonable.
Discussion
In this study, the ratio of the sum of the contents of emodin-8-O-β-D-glucopyranoside and physcion-8-O-β-D-glucopyranoside to the sum of the contents of emodin and physcion (F values) was computed to differentiate Polygonum multiflorum Radix medicinal samples from Polygoni multiflori Radix Preaparata medicinal samples. e F values of Polygonum multiflorum Radix medicinal samples should be greater or equal to 1.0, and those of Polygoni multiflori Radix Preaparata medicinal samples should be no more than 0.6.
As a medicine that can prolong life, Polygoni multiflori Radix Preaparata has been widely used in TCM clinics, and reports on its hepatotoxicity have increased in recent years. Polygoni multiflori Radix Preaparata-processed products are produced using "steaming and drying in the sun for nine times," a traditional processing method.
is process is complicated, time-and energy-consuming, toxicity-reducing, and efficacy-enhancing, and the properties of raw Determining whether Polygoni multiflori Radix Preaparata has been completely processed has always been difficult within the industry. In a special project of the National Institute for Food and Drug Control, Polygoni multiflori Radix Preaparata (Polygonum multiflorum Radix) Quality Analysis, 172 batches of samples were collected and their quality was evaluated using a standard test and exploratory analysis. Mass data analysis and documented studies in 2016 [22] [23] [24] showed that as processing times of raw Polygonum multiflorum Radix increased, the contents of anthraquinones decreased, whereas those of anthraquinone aglycones increased. Four components, i.e., emodin, emodin-8-O-β-Dglucopyranoside, physcion, and physcion-8-O-β-D-glucopyranoside, were evaluated in this study, and the total content of emodin-8-O-β-D-glucopyranoside and physcion-8-O-β-D-glucopyranoside was higher than the total content of emodin and physcion in Polygonum multiflorum Radix samples of the same batch. e total content of emodin-8-O-β-D-glucopyranoside and physcion-8-O-β-D-glucopyranoside was lower than the total content of emodin and physcion in completely processed Polygonum multiflorum Radix samples. As the content of the four components greatly differed between Polygonum multiflorum Radix and Polygoni multiflori Radix Preaparata samples obtained from different production areas, it was difficult to use a concrete content limit to differentiate Polygonum multiflorum Radix from Polygoni multiflori Radix Preaparata, which is a drawback and has remained unsolved previously.
rough a mass data analysis in 2016, the "Polygonum multiflorum rules" theory was proposed for the first time in a thesis [25] , and the F value was used to differentiate Polygonum multiflorum Radix from Polygoni multiflori Radix Preaparata. As four control samples, emodin, physcion, emodin-8-O-β-Dglucopyranoside, and physcion-8-O-β-D-glucopyranoside, were used in this method, it had disadvantages such as high cost and complicated operations; in addition, the limit value was set as 1, which caused misjudgment. Furthermore, "Polygonum multiflorum rules" cannot judge whether the Polygoni multiflori Radix Preaparata samples had been processed completely.
To overcome this problem, low-cost emodin was used as the control sample in the "QAMS" method, which was designed to compute correction factors of emodin-8-O-β-Dglucopyranoside, physcion-8-O-β-D-glucopyranoside, and physcion, and the contents of four anthraquinone 
No.
Emodin components in Polygoni multiflori Radix Preaparata and Polygonum multiflorum Radix were computed. is is the first time that the QAMS method has been used to differentiate Polygonum multiflorum Radix and Polygoni multiflori Radix Preaparata. To investigate the durability of the correction factors, different sample injection volumes within 2-30 µL were adopted, and the RSD of the correction factor for each component was set as ≤2%; HPLC and C 18 chromatographic columns were used to investigate the robustness of the correction factors, and the results showed that the RSD of each component was not greater than 3%. A comparison of results using the QAMS method and those using an external standard method from 10 batch samples showed no significant difference. Methodological validation established that the QAMS method is feasible and can effectively solve problems of previously used identification methods such as the high costs and multiple operative steps involved; additionally, the limited F value of the "Polygonum multiflorum rules" was revised that F value of the qualified Polygoni multiflori Radix Preaparata should be no more than 0.6, which effectively solved misjudgment after significant figure revision. Importantly, we established the method to differentiate Polygoni multiflori Radix Preaparata which had been processed completely and thus perfected the "Polygonum multiflorum rules."
Conclusions
In this study, an emodin control sample was used for the first time to differentiate Polygonum multiflorum Radix from Polygoni multiflori Radix Preaparata using a QAMS method. In addition to advantages such as low cost and simple and convenient operation, this method could accurately differentiate Polygonum multiflorum Radix from Polygoni multiflori Radix Preaparata and identify incompletely processed Polygonum multiflorum Radix samples so as to prevent substandard products from flooding the market. is method of differentiation ensures the safe and effective use of the medicinal material Polygonum multiflorum Radix. 
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